The study presents a comparison of the results received from dogs with dilated cardiomyopathy (DCM) that died during the first 30 d of observation and from dogs with DCM that survived the first 30 d after the ECG. No differences were noted in the duration of QT or QTc in healthy dogs and dogs with DCM. QTcd was significantly higher in dogs with DCM and in dogs with DCM, which did not survive over 30 d of observation and dogs with DCM that died after the 30 th d of observation. The presence of T-wave alternans (TWA) was more frequently observed in dogs with DCM (85% of the dogs) that died in less than 30 d during the observation. QTcd and TWA seem to be a useful non-invasive diagnostic tool to anticipate the risk of cardiac death in dogs with DCM.
Dilated cardiomyopathy (DCM) is characterised as a chamber dilatation and myocardial systolic and diastolic dysfunction (2) . Primary or idiopathic DCM has an unknown or uncertain aetiology and is not a result of an identifiable systemic disorder or cardiovascular disease. Secondary cardiomyopathies are classified according to aetiology as genetic, nutritional, metabolic, inflammatory, infectious, infiltrative, ischaemic, or drug and toxin induced myocardial injury (12) . DCM is a very important cause of mortality in dogs, particularly Boxers, Doberman pinschers, and Great Danes (12) . Among all reasons of high mortality in dogs affected with DCM, ventricular tachycardia (VT) and ventricular fibrillation (VF) are the more important. In veterinary medicine, there is lack of noninvasive tools that would allow for the anticipation of a possible VT or VF episode in dogs with DCM. The dispersion of the corrected QT interval (QTcd) has been used for many years in human medicine to anticipate the risk of sudden arrhythmia incident and sudden cardiac death (1) . QT dispersion is a range of interlead variability, specifically it is the difference between the maximum and minimum QT interval in a multiple-lead recording system. This parameter shows the heterogeneity of the ventricular repolarisation, which encourages ventricular tachycardia, including fibrillation. The reference norms are set for QT and QTc dispersion for dogs during resting ECG; however, the usefulness of this parameter was not evaluated to anticipate the risk of VT and death of dogs with DCM (3, 9) . T-wave alternans (TWA) is another parameter describing the heterogeneity of ventricular repolarisation. TWA is defined as a change in the amplitude, polarity, and/or the morphology of T-wave during following excitations (14) . The appearance of TWA is related with a higher risk of ventricular tachycardia or ventricular fibrillation in humans (6, 10, 14) . There are papers describing the measurements of TWA as a model for heart diseases in humans (6, 8, 13) . However, this parameter was not evaluated under clinical conditions, for example, in chronic heart failure. It could be useful to use it to evaluate the risk of serious ventricular arrhythmias or sudden cardiac death.
The aim of the study was the evaluation of QTc dispersion and presence of TWA in healthy dogs and in dogs with DCM, also during paroxysmal VT recorded during 24 h Holter monitoring, and comparison of these parameters in dogs with DCM that died during the first 30 d of observation and dogs with DCM, which survived this period after the initial ECG analysis.
Material and Methods
The study was performed on 60 dogs divided into two groups. The control group consisted of 30 healthy dogs from three breeds (10 Boxers, 10 Doberman pinschers, 10 Great Dane dogs). The body weights were between 25 and 72 kg, and age from 1.7 to 11.5 years. All dogs did not show abnormalities in clinical examination, ECG, and echocardiography. The DCM group comprised 30 dogs of the same breeds as the control group (10 Boxers, 10 Doberman pinschers, 10 Great Danes) affected with DCM form with a present sinus rhythm and ventricular premature complex (VPC 376-11234 /24h) and VT observed in Holter monitoring. The body weights were between 24 and 69.5 kg, and age from 1.5 to 9.5 years. All dogs in this group had clinical sings of heart failure (Ib, II and IIIa, ISACHC score) (4). The study was approved by the Local Ethical Commission.
The animals were qualified based upon earlier investigation, preliminary clinical examination, and morphological and biochemical (AST, ALT, urea, creatinine, Na
, Cl -) blood examination. Morphological tests were performed on abc VET analyser at the Veterinary Blood Center. Biochemistry tests were performed on MaxMat Pl analyser. No variations from normal parameters were detected. The echocardiography examination was performed in all dogs using the echocardiograph ALOKA 4000+ with sector 5MHz and 7.5MHz probes. Standard trans-thoracic views in M-mode were used to obtain left ventricular ejection fraction (EF) and shortening fraction (SF), left ventricular internal enddiastolic diameter (LVIDd), left ventricular internal systolic diameter (LVIDs), intraventricular septal diameter (IVSd) and left ventricular posterior wall (LVPWd) in diastole and intraventricular septal diameter (IVSs), and left ventricular posteriori wall (LVPWs) in systole. The correction of LVIDd according to body weight was achieved by dividing LVIDd (cm) by body weight (kg). Size of the left atria and the relation of the atria size towards aorta diameter (LA/Ao) were evaluated. All dogs underwent ECG in a right lateral position using the BTL SD08 equipped with a net filter and different frequencies of muscular filters to confirm the presence of the sinus rhythm.
Holter monitoring was performed using the Aspel 702 and the data were analysed by computer software HolCard. Before analysing the data, the QT, QTc, and TWA parameters were manually preprocessed. QT, QTc (Bazett formula), and QTcd were calculated using an algorithm from the HolCard software after manual correction of the measuring points. It is well known that the Bazett formula adds an excessive correction, when the heart rate is over 60/min. For dogs it is recommended to use the Van de Water formula; however, in the QTc analysis it is only the basis to calculate QTcd value. The QTcd value is independent from the generated QTc errors. It was impossible to use the Van de Water formula in a 24 h Holter monitoring.
The results were presented as prints and tables containing minimum, maximum, and mean values of QT, QTc, and QTcd calculated during 5 min ECG recordings. The means were used for further statistical analyses. The presence of macroscopic TWA was evaluated "visually" during rest, activity (adrenergic activity), and before VT appearance. It is important that the period taken under evaluation to asses TWA was recorded during the same constant position of the dog and has no artifacts. The microvolt level of TWA was not evaluated.
The differences between the control and DCM group and between dogs with DCM, which did not survive 30 d of observation and dogs with DCM that died after the 30 th d of observation were analysed using Student's t-test, based on parametric data of standard distribution. A U Mann-Whitney test was used with nonparametric data or a lack of standard distribution. The correlation was analysed using the R Spearman test. A significance level of P<0.05 was accepted. Statistical analysis was performed using the STATISTICA programme, version 7.1. QTcd -dispersion of QTc, LVIDd-left ventricular internal end-diastolic diameter. 
Results
The clinical findings of both groups are presented in Table 1 . The groups did not differ with respect to age, body mass, and sex, and QT and QTc. There was a significant difference in QTcd and TWA between the healthy dogs and the DCM group (Table 1) .
Significant differences were found in QTcd in DCM dogs with those that survived less than 30 d of observation and dogs, which died after the 30 th d of observation. There was a high percentage of TWA in the Holter examination in dogs, which died during the first 30 d compared to dogs that survived this period ( Table  2 , Fig. 1 ). There was a correlation between the mortality rate, the TWA (r=0.68) and QTcd (r=0.32). There was no correlation between QTcd and the total number of the ventricular premature complex, as well as SF, LVIDd, and age.
Discussion
DCM is one of the most frequently observed organic heart diseases in large breed dogs. It leads to premature death of animals due to heart failure. Many cases of sudden death occur in dogs with DCM irrespectively of how advanced the heart failure is (2, 12) . One of the reasons of sudden cardiac death is ventricular tachycardia and ventricular fibrillation that follows the disturbances of ventricular repolarisation. Normally, repolarisation in mammalian heart begins from epicardium to endocardium and from apex to basis, and this is considered to maintain cardiac pump function and to provide an important defence against arrhythmias. Endocardial action potential duration (APD) is longer than epicardial APD, and basal APD is longer than apical APD (5). QT interval, corrected QT interval (QTc) and QTc dispersion (QTcd) are the parameters to evaluate ventricular repolarisation. In humans prolonged QT interval and higher QTcd might be a signal that VT/VF will occur (7, 14) . Based on research performed by Dennis et al. (3) it was stated that QTcd in dogs was less than 50 ms. In the present study, dogs with DCM had VT with a QTcd around 87 32 ms and the QTcd was significantly higher than in healthy dogs from the same breed (26 23 ms) and much higher than the norms given by Dennis et al. (3) or Paslawska et al. (9) . Differences in the duration of repolarisation between regions of the myocardium or cell layers across the ventricular wall can result in spatial heterogeneity of cardiac repolarisation and these changes can result in electrical re-entry and triggering of arrhythmia events. Significant differences were observed in QTcd and VT in dogs with DCM, which did not survive over 30 d of observation and dogs with DCM that died after the 30 th d of observation. There was a correlation between QTcd value and the mortality rate of dogs. Similarly to the study performed by Spier et al. (11) in Boxers with familial ventricular arrhythmias, there was no correlation between QT duration and QTcd with total number of premature ventricular complex or fractional shortening, as well as with age and LVIDd.
TWA is characterised by beat-to-beat variation of T wave morphology, amplitude, and/or polarity and it may be connected with malignant ventricular arrhythmias. TWA was observed in two dogs from the control group. No information on the importance of TWA in healthy dogs is available, as the mechanisms underlying the genesis of TWA are not fully understood. It is said that TWA can result from changes in the membrane voltage due to steep APD restitution (the relationship between APD and the preceding diastolic interval) and disruptions in intracellular calcium cycling dynamics (14) . It is well known that an increase in heart rate, coronary artery occlusion and reperfusion, and sympathetic nerve stimulation influence the vulnerability of ventricular tachy-arrhythmias and increase in the TWA magnitude (7, 13) . Vagus nerve stimulation, blockade of β-adrenergic receptors, sympathetic denervation, and spinal cord stimulation, which reduce susceptibility to ventricular tachyarrhythmias, have been shown to decrease TWA magnitude (14) . In the performed study TWA was significantly higher in dogs with DCM and VT compared to healthy dogs, and there is a correlation between TWA and the mortality of dogs with DCM. Repolarisation abnormalities were observed in tachycardia-induced cardiomyopathy in dogs, which died suddenly due to polymorphic VT (8) . In an experimental study the connection between TWA, VT/VF, and ischaemia was confirmed (6, 13) .
In conclusion, high values of the QTcd interval are a poor prognostic indicator for dogs with DCM. Twave alternans does appear to be a useful noninvasive diagnostic tool to evaluate the risk of sudden cardiac death in dogs with DCM.
Study limitations. The QTcd and TWA evaluation was performed only in Boxers, Doberman pinchers, and Great Dane dogs. During the study the dogs with heart failure caused by DCM were the only ones examined. All dogs with DCM had ventricular tachycardia recorded during Holter monitoring. There were a small number of dogs with DCM, which did not survive over 30 d of observation. Holter monitoring is an expensive examination and the analysis of QTcd and TWA is time-consuming.
